Abstract: Two nothospecies, Ranunculus ×luizetii and R. ×peredae (Ranunculaceae), were analyzed and discussed. For this purpose, Amplified Fragment Length Polymorphism (AFLP) markers, nuclear rDNA sequences (ITS1, 5.8S and ITS2) and pollen viability were conducted. The profiles of these hybrid samples were compared to their putative progenitors. Several additive polymorphic sites detected in the ITS sequences of the hybrid samples (R. ×luizetii and R. ×peredae) also confirmed their derived origins from ribotypes of their parental taxa (R. parnassiifolius subsp. parnassiifolius × R. pyrenaeus; R. amplexicaulis × R. cabrerensis subsp. cabrerensis, respectively). Despite the lack of exclusive AFLP markers reported in both hybrids, presumably due to effects of introgression, the concerted evolution of many rDNA polymorphisms towards either of the parental ribotypes indicated their ancient origin. Pollen fertility estimation in R. ×luizetii presented a mean value of 60.58%, which showed that hybrid samples are well established and fertile. However, a larger difference was observed in R. ×peredae, where the mean value of pollen fertility was very low (18.91%).
Introduction
Hybridisation is a well known natural phenomenon and an important mechanism of evolution in plants (e.g. Rieseberg 1995; Arnold 1997; Wissemann 2005) . However, the frequency of spontaneous hybridization is not universal and differs between plant families and genera, as demonstrated in multiple biosystematics floras (Ellstrand et al. 1996) . In natural habitats, many spontaneous hybrids have been found in the family Ranunculaceae, especially between species of the genus Ranunculus (e.g. Hüber 1988 ). The extraordinarily large hybridization potential of the buttercups has often been considered a result of the sympatric occurrence of different taxa, the overlap in flowering periods, and the close phylogenetic relationships of the parental taxa involved in each hybridization event.
Most of the hybrid combinations among Ranunculus taxa are easily identified in the field, as show intermediate morphologies compared to their sympatrically parents.
Two hybrid taxa have been described in the section Ranuncella of the genus Ranunculus: R. ×luizetii Rouy (R. parnassiifolius subsp. parnassiifolius L. × R. pyrenaeus L.) from the Pyrenees (Rouy 1893) and R. ×peredae M.Laínz (R. amplexicaulis L. × R. cabrerensis subsp. cabrerensis Rothm.) from the Cantabrian Mountains (Laínz 1964; Cires & Fernández Prieto 2012) . The occurrences of hybridization among those species of Ranunculus have been suggested on the basis on morphological intermediacy of some individuals found in the same habitat as their putative progenitors. In spite of the molecular techniques, such as Amplified Fragment Length Polymorphism (AFLP) or Internal Transcribed Spacers of the ribosomal DNA (ITS), that have made the detection of hybridization increasingly easier and have many advantages over morphological data to reveal hybrids individuals (Allendorf et al. 2001) , only a few taxa of the genus Ranunculus have been confirmed by molecular means (e.g. Hörandl et al. 2009 ).
In the present work, the hypothesis that morphological intermediate individuals have derived from natural hybridization in R. ×luizetii and R. ×peredae were tested. For this purpose: 1) fertility of presumable hybrids was estimated, 2) nuclear rDNA (ITS) sequences were analysed to verify additive profiles from both putative parents, and finally 3) AFLP analyses were used to assess the relationship and genetic distinction or its lack between the putative hybrids and their progenitors.
Ranunculus ×luizetii and R. ×peredae from the Iberian Peninsula 
Material and methods

Plant material and DNA isolation
Fresh leaves from the specimens morphologically identified a priori as putative hybrids Ranunculus ×luizetii, R. ×peredae and presumable parental species were sampled from two localities in the Iberian Peninsula (Fig. 1) . Hybrid identification was based on the combination of parental morphological characters (Fig. 1) . Vouchers specimens were deposited in the Herbarium of the University of Oviedo (FCO). Samples for molecular analyses were dried in silica gel and stored prior to DNA isolation. DNA isolation was carried out using the DNeasy Plant Minikit (Qiagen) following the manufacturer's instructions. AFLP analysis AFLP analysis followed the protocol from Vos et al. (1995) with minor modifications. DNA was isolated from silica geldried material collected in the field, digested with restriction enzymes EcoRI and MseI for 2 h at 37
• C and simultaneously ligated to double-stranded EcoRI and MseI adapters. Preselective amplifications were performed using primers with a one base pair extension. In a second selective amplification, the number of fragments was further reduced by primers with a three base pair extension. For this second amplification, 9 primer combinations were used: EcoRI-AAC / MseI-CAT; EcoRI-ACG / MseI-CAT; EcoRI-ACT / MseI-CAT; EcoRI-AAC / MseI-CTT; EcoRI-ACG / MseI-CTT; EcoRI-ACT / MseI-CTT; EcoRI-AAC / MseI-CCAC; EcoRI-ACG / MseI-CCAC and EcoRI-ACT / MseI-CCAC. Selective amplification products were sent to the Sequencing Services of the University of Oviedo for fragment analysis: samples were run on an automated DNA sequencer (ABI PRISM 3100, Applied Biosystems) with an internal size standard GeneScan 500 (ROX TM , Applied Biosystems); and raw AFLP data were collected and sized using the Genemapper 4.0 software (Applied Biosystems). AFLP fragments were scored as present (1) or absent (0), and used as a raw data matrix Principal coordinates analysis (PCoA) was performed on the Dice similarity matrix using Past 1.89 (Hammer et al. 2001) to visualize the genetic relationships among all individual AFLP phenotypes.
Nuclear rDNA (ITS) amplification and sequencing
The ITS region (ITS1, 5.8S and ITS2) was amplified as a single piece with primers 17SE and 26SE (Sun et al. 1994; Hörandl et al. 2005) . Amplification of selected regions was carried out in 25 µL of reaction mixture (25 ng template DNA, 2.5 µL of 10× PCR buffer, 2.5 mM MgCl2, 0.2 mM dNTPs, 0.08 µM of each primer and 1 U of Taq DNA polymerase, Invitrogen), in an Eppendorf Mastercycler Epgradient S (Westbury, NY). After 5 min pre-treatment at 94 
& Nei 1987)
. Bootstrap values were calculated from 1000 replications using the MEGA program.
Pollen stainability
Pollen was obtained from several anthers from different flowers of a single plant. Pollen was cleaned and dried on the slide by the addition of ethyl alcohol (70 and 96%). Subsequently, the pollen slides were prepared according to the method of Wodehouse (Wodehouse 1935) , using methylene blue dye. The preparation was then covered with a cover slip, and after that the slides were examined under a light microscope. Pollen fertility, indicated by pollen stainability, was estimated by counting 500 mature pollen grains: darkly stained pollen grains were recorded as fertile and viable, meanwhile unstained or very lightly stained ones were considered as sterile or non-viable. Pollen fertility was calculated by dividing the number of viable pollen grains by the total number of grains counted in the field of view, and averaging them for all plants in that species. Then, pollen viability was expressed as percentage pollen fertility in each plant species, and also pollen fertility range was recorded by taking the lowest and highest values of pollen viability percentage.
Results
PCoA analyses based on AFLP data ( Fig. 2A-B) revealed the genetic intermediateness of the hybrid samples (R. ×luizetii and R. ×peredae) with respect to those of the parental taxa and the samples analysed clustered into three separate groups in each of the hybrid populations. In the case of R. ×luizetii population, the first and second axes explained 33.16 and 23.33% of the total variation, respectively (13.71% in the case of axis 3, not shown). On the other hand, the first and second axes of R. ×peredae population explained 41.49 and 15.35% of the total variation respectively (axis 3 explained 10.78%, not shown). Concerning to the nuclear rDNA (ITS), the main differentiating characters between the hybrid and its parents are summarized in Table 1. The hybrid accessions of R. ×luizetii showed additive polymorphisms at the 3 sites where both parents differed in sequence meanwhile the hybrid R. ×peredae showed 2 additive polymorphic sites. Pollen fertility results are given in Table 2 .
Discussion
Natural hybridization occurs widely in plants and has a significant role in their evolution (Arnold 1997 ) with important consequences in conservation biology (Genovart 2009) . Our study has demonstrated the hybrid nature of Ranunculus ×luizetii and R. ×peredae collected from the Pyrenees and the Cantabrian Mountains, respectively. In both cases, the intermediacy of morphological characters and the additive patterns of AFLP bands in these hybrid samples allowed us to demonstrate hybridization events between the two presumed parents. The hybridization between these two taxa was also confirmed in our study through the analysis of ITS sequences that showed additive polymorphic sites as well as the assessment of pollen fertility. The absence of exclusive AFLP bands in the hybrid samples with respect to their parents indicates that these taxa were involved in the crosses that originated the hybrids and that the hybridization events likely occurred in relatively recent times. However, introgression effects seem the most likely explanation for this phenomenon be- Table 1 . Summary of the nucleotide site variation of the Internal Transcribed Spacers (ITS1 and ITS2) in the hybrids Ranunculus ×luizetii and R. ×peredae and their presumable parental species. Additive polymorphic sites are denoted using IUPAC ambiguity symbols. For each sample, the GenBank accession number is indicated. Taxon  GenBank  0  0  0  1  1  2  4  4  4  5  7  8  8  3  4  1  3  3  6  9  3  0  1  4  2  3  3  4 1 0
Nucleotide position ITS region
Nucleotide position ITS region Taxon GenBank 0 0 0 1 1 1 2 4 4 6 9 0 3 6 0 1 2 9 2 9 1 6 6 6 cause if we consider nuclear rDNA sequences (ITS1, 5.8S and ITS2), occur the expected biased concerted evolution of the rDNA sequences towards one of the parental genomes, characteristic of more ancient hybrids (Fuertes Aguilar et al. 1999; Nieto Feliner & Rosselló 2007) . The Pyrenees and the Cantabrian Mountains have been recognized as a secondary contact zone for hybrid swarms of several plant species (Hewitt 1996 (Hewitt , 2000 Lihová et al. 2007 ), however we should noted the scarcity of the hybrid individuals detected of R.
×luizetii (around 20 individuals in the study population; without data about the number of populations in the Pyrenees) and R. ×peredae (a single known population with about 7 individuals). Consequently, these hybrids should be considered as naturally very rare and included in National catalogues of endangered taxa and Red Lists. Despite this rarity, the conservation of the hybrids R. ×luizetii and R. ×peredae may not pose serious problems because they benefit from conservation policies devoted to its coexisting parent R. parnassiifolius subsp. parnassiifolius and R. cabrerensis subsp. cabrerensis.
